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Arkose has been held by different geologists to be significant 
respectively of several different types of conditions at the time of 
its formation. By Walther, 2 for instance, it is considered to be so 
distinctive of desert formations as to be, next to salt deposits, the 
the most important index of the desert origin of a formation. 
Mackie, 3 although not mentioning arkose by name, in his discus- 
sion of the significance of fresh feldspar in sediments seems to con- 
sider the rock especially characteristic of deposits that have formed 
under rigorous climatic conditions. Von Hauer 4 believes that 
arkose is especially characteristic of coal-bearing formations. 
Shaler 5 is of the opinion that it is formed when a granitic terrane, 
long under moist temperate climatic conditions, is exposed to more 
rigorous conditions or to marine or lacustrine transgression. Mans- 
field 6 believes, on the other hand, that the conditions for the formation 

1 Portion of a thesis accepted in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy at Harvard University. 

2 J. Walther, Das Gesetz der Wiistenbildung, 2d ed., p. 174. 

a William Mackie, Trans. Edin. Geol. Soc, VII (1898), No. LV. 
4 Franz von Hauer, Die Geologie, 1875. 

s W. S. Shaler, U.S.G.S. Monograph XXXIII, 1899, pp. 50-55. 
6 G. R. Mansfield, Bui. Mus. Comp. ZobL Harvard, XLIX (1906), 293-94. 
Vol. XXIV, No. 5 417 



4i 8 DONALD C. BARTON 

of arkose are intermediate between these extremes, and that 
a moderately cool and arid climate such as would prevail at mod- 
erately high altitudes in the lee of high mountain ranges or in con- 
tinental interiors would more probably be suitable. The present 
paper is an attempt to delimit the significance of arkose. 

The fundamental conditions essential for the formation of 
arkose 1 are: (a) a granitic terrane, (b) conditions favorable to the 
disintegration of the granite or gneiss with but slight accompanying 
decomposition, and (c) conditions favorable to the erosion and 
deposition of the debris of disintegration with merely slight loss 
of the feldspar. In the investigation of the regions which today 
can supply debris of disintegration for the formation of arkose 
(Figs, i and 2), it was found that disintegration is much more 
widespread than is perhaps usually realized, and that it takes 
place in marked amounts under practically all the conditions under 
which a granitic terrane is exposed (see Table I, a list of the occur- 
rences of disintegration which have been observed by the writer, 
or which he has been able to find described in the literature, together 
with a tabular view of the conditions under which the disintegration 
is taking place). The investigation of the conditions under which 
the disintegrated material could be eroded and deposited as arkose 
seems to show that in some cases the conditions favorable to the 
disintegration are likewise favorable to contemporaneous erosion 
and deposition of the disintegrated material as arkose, as, for 
instance, in desert regions, and that in other cases erosion can take 
place only after some change of conditions, as, for example, a 
change from the conditions of a moist temperate climate to those 
of a semi-arid climate. In yet other cases, erosion may take place 
contemporaneously with disintegration but be followed by decom- 

1 Arkose by original definition and according to most general usage is a rock 
formed of the relatively undecomposed d6bris of granite or of rods of granitic mineral- 
ogical composition. It may be thought, however, that the original definition should 
be extended to cover feldspathic elastics derived from the disintegration of syenites, 
diorites, gabbros. Feldspathic elastics of this type, however, should be rare, since 
there are practically no purely syenitic, dioritic, or gabbroic terranes, and since the 
plagioclase feldspar of the diorites and gabbros is more or less readily decomposed. 
No specimen of this type of feldspathic clastic has been seen by the writer, and only 
one or two reputed occurrences are reported in the literature. 
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position of the feldspar, with the consequent loss of the material 
as a possible source of arkose. It was therefore found impossible 
to limit the significance of arkose to significance of any one or two 
special sets of conditions. The arkose deposits forming under the 
different conditions should expectedly be of certain characteristic 
types, which as a matter of fact agree with the types of arkose 
deposits as they are found (see Table II) . The genetic classification 
of arkose deposits which appears in the following pages is therefore 
intended to embrace these various types of arkose deposits. 

GENETIC CLASSIFICATION OF ARKOSE DEPOSITS 

Arkose deposits may be divided broadly into two classes: 
(a) those formed directly through the effects of rigorous climatic 
conditions; and (b) those formed, at least indirectly, through the 
effects of moist and more temperate climatic conditions. The latter 
conditions allow much decomposition, which, however, commonly 
takes place at a slower rate than the disintegration. The arkose 
formed directly or indirectly under these conditions therefore has 
feldspars showing considerable decomposition, has in many cases 
a matrix of argillaceous material derived from the more easily 
decomposed grains of feldspar and other silicates, and is associated 
with beds of argillaceous material derived from the totally decom- 
posed portions of the rock. The former conditions are unfavorable 
to decomposition, and the arkose deposits forming under them have 
comparatively unaltered feldspars, have little or no argillaceous 
matrix, and are not associated to any great extent with argillaceous 
beds. The distinction, however, is not absolute. At Aswan, 
Egypt, in a region in which no rain is recorded over a period of 
many years, the disintegrated granite in some places shows marked 
decomposition, and the feldspar of modern arkose deposits in the 
beds of the wet- weather streams of the region is deeply decomposed. 
In regions of moist, temperate climate it is not uncommon, on the 
other hand, to find below the zone of complete disintegration a 
zone of rock which to the eye seems fresh but which crumbles 
readily under blows from the hammer, and from this rock, within 
a region of moist, temperate climate, it would be possible for arkose 
with relatively fresh feldspar to form. 
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A. ARKOSE DEPOSITS FORMED ENTIRELY UNDER RIGOROUS 
CLIMATIC CONDITIONS 

Feldspar showing merely slight decomposition. 1 Argillaceous 
material absent or present in minor amounts. 2 

1. Deposits formed in desert regions. — The deposits are massive, 
homogeneous, and in some cases of very large size. In desert 
regions, the disintegration takes place chiefly on outcrops directly 
exposed and not protected, as in moist temperate regions, by a 
mantle of vegetation. The debris of disintegration is easily 
eroded and the processes of erosion and disintegration and deposi- 
tion of the eroded, disintegrated material as arkose can therefore 
take place contemporaneously, and can continue as long as the 
desert conditions persist and as long as the granitic terrane remains 
unburied. The size of an arkose deposit formed under such con- 
ditions will therefore depend chiefly on the size of the terrane of 
disintegration, the size of the basin of deposition, and the length 
of time the desert conditions prevail. The constancy of the condi- 
tions during the period of formation should be marked by a massive- 
ness and homogeneity of the deposits. 

a) Terrestrial: In deserts, wind action prevails the greater part 
of the time, but rare storms do occur and in the short space of their 
existence do an immense amount of work. Deposits of arkose 
formed in desert regions therefore are likely to be in part of eolian 
and in part of aqueous origin. The arkose shows in part the 
eolian characteristics of well-rounded sand grains, faceted pebbles, 
local lag-gravels, dune stratification, etc., and in part the ordinary 
characteristics of water action. In deposits of arkose forming in 
arid mountain regions, the greater part of the transportation of 
the disintegrated material may be by water action, during the rare 
cloudbursts, and by the streaming of the debris down the hill slopes 
under gravity. The constituent grains in this case are subangular, 
and quartz and feldspar grains should be present in about the same 
proportions as in the original granite or gneiss, since the amount of 

x At the time of formation of the arkose. Subsequent exposure may produce 
complete decomposition. 

2 The possibility of the presence of exotic material brought in by a river whose 
headwaters lie in a temperate or tropical region should not be forgotten. 
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transportation undergone should not be sufficient to cause marked 
comminution and loss of the feldspar. The deposits as a whole 
should be rather massive, but with cut-and-fill stratification rather 
common, and with considerable intercalation of coarse block debris 
toward the sides of the valleys. 

An example of this type of deposit is found in the Applecross 
group of the Torridonian sandstone, a pre-Cambrian formation 
extensively developed in the Northwest Highlands of Scotland. 
The ideal section of the Torridonian sandstone is given by the 
Geological Survey 1 as shown in Table III. The Applecross group 

TABLE III 



Groups 



Thickness 



Composition 



Chief Occurrence 



3. Aultbea. . . , 

2. Applecross.. 
2. Diabaig 



3,000-4,000 ft. 



5,000-8,000 ft. 



500 ft. in Gair- 
loch; 7,000 
ft. in Skye 



Sandstone, flags, dark and black 
shales, and calcareous bands 
passing down into chocolate and 
red sandstones, and gray micace- 
ous flags with parting of gray and 
green shale 

Chocolate and red arkose with peb- 
bles of quartzite, quartz-schist 
(felsite, jasper, etc.), and occa- 
sional red and chocolate shales 

At top, fine red sandstone with red 
mudstone and gray shale; at 
base, coarse breccia of Lewisian 
gneiss. In Skye, gray and buff 
arkose in great thickness 



Loch Ewe and 
Loch Broom 



Cape Wrath to 
Skye 



Assynt to Skye 



is a formation composed of massive arkose of very uniform character 
(Fig. 3) , marked off by thin intercalations of fine quartzitic and shaly 
sandstone into persistent layers of rather uniform thickness — in each 
case three, six, or ten feet or so. Although extremely massive in 
texture, the arkose shows most irregular stratification and almost 
invariably is strongly cross-bedded. Walther reports cross-bedding 
indicative of dune formation, and faceted pebbles. The lithologic 
character of the arkose maybe seen from the accompanying photomi- 
crograph. In the finer-grained phases, quartz composes a slightly 
greater proportion of the whole than in this medium-grained phase 
(quartz about 60 per cent and feldspar 40 per cent), and the grains 

1 B. N. Peach, J. Home, and others, "The Geologic Structure of the Northwest 
Highlands of Scotland," Mem. Geol. Surv. Great Britain, 1907. 
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show a slightly greater degree of rounding. It is notable that the 
predominant feldspar of the arkose, microcline, does not occur in 
the underlying terrane. Where the arkose rests directly on the 
mountainous topography of the underlying terrane, the arkose 
basally becomes a coarse breccia. One of the most striking features 
of this formation, with the exception of this basal portion, is its 
uniformity throughout its great thickness. 

To this type of arkose 
deposit should be referred 
the following: 

The Torridonian Arkose, 
pre-Cambrian of Scotland. 

Arkose of the Sparagmite 
formation, pre-Cambrian of 
Scandinavia 

Lower Old Red Sand- 
stone, Scotland (in part) 

Paysaten Arkose, Creta- 
ceous, British Columbia- 
Washington 

b) Marine: If marine 
conditions prevail adja- 
cent to a granitic terrane 
in a desert region, marine 
arkose may form, having 
in part the characteristics 
of an eolian arkose. Some of the constituent grains in this case 
should show the rounded outlines of eolian sand grains. The 
deposits as a whole, however, should show the structure and 
stratification of marine sediments. To this type of deposit should 
be referred the arkose that is now forming along the east shore of 
the Gulf of California. 

2. High -altitude deposits. — Local deposits, of small size and 
extent. The conditions of high altitude, according to Oldham and 
others, are peculiarly favorable to disintegration. Erosion of the 
disintegrated material takes place rapidly, with rapid deposition 
of it in many cases as arkose in local catchment basins of the 
intra-mountain valleys. As such a region is subject to general 




Fig. 3. — Photomicrograph of Terridonian 
arkose, Applecross, Scotland, showing the lack of 
matrix in a desert arkose. The rounding of the 
grains is rather obscured by secondary growth of 
the grains. Magnification, 15 diameters. 
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degradation in the course of time, the deposits must be temporary in 
character, and usually of recent geologic age. They may be wholly 
or in part lacustrine, fruviatile, alluvial (cone or fan), landslide, or 
fluvioglacial. The stratification should be rather irregular, and 
the constituent grains should be angular to subangular. 

To this type of deposit should be referred possibly some of the 
deposits of the Upper Indus Valley, although from the descriptions 

of the deposits it is not 
quite clear whether they 
are really arkosic or not. 
3. Deposits of cold 
{high-latitude, subglacial) 
climate. — In the high lati- 
tudes, the effects of dis- 
integration are not pro- 
nounced, or at least they 
are not noted in the lit- 
erature. "Disintegra- 
tion" is reported many 
times, but in most cases 

Fig. 4.— Photomicrograph of Pondville (Mass.) it is clearly block disin- 
arkose, an arkose formed under moist temperate tegration that is meant, 
conditions, showing the quartz and feldspar grains an( j • no case J^og f^p 

writer been able to make 
it out clearly to be granu- 
lar disintegration. That the effects of the latter are not notice- 
able may be due in large part to the relatively recent glacial 
erosion of the products of the preglacial disintegration, or, in 
regions of considerable relief, it may be due in part to excessive 
block disintegration and erosion. As the temperature range is 
often great, and the lower part includes the critical point of 
freezing, and as, furthermore, hydration can take place at the 
surface during the summer and, in regions not too far north, 
at all times below the level of freezing, there would seem to 
be no theoretical reason why granular disintegration should not 
take place. Granitic and gneissic blocks exposed on the surface 
of glaciers in many cases show noticeable disintegration, although 




in a fine-grained matrix of quartz and argillaceous 
material. Magnification, 15 diameters. 



CLASSIFICATION OF ARKOSE DEPOSITS 439 

the amount that takes place in this manner is slight. If disintegra- 
tion takes place, the conditions would seem favorable to the erosion 
of the disintegrated material and its deposition in arkose deposits 
of small or moderate size, probably in association with glacial or 
fluvioglacial beds. To this type of deposit may possibly be referred 
some of the pre-Cambrian arkose of Canada. 

B. DEPOSITS FORMED DIRECTLY OR INDIRECTLY THROUGH THE 
EFFECTS OF MOIST AND USUALLY TEMPERATURE CONDITIONS 

Deposits of small or moderate size; the arkose commonly with 
a matrix of fine-grained argillaceous material and usually associated 
with argillaceous beds; feldspars commonly showing a moderate 
amount of decomposition (Fig. 4). 

In the present regions of moist temperate climate, especially 
where the topography is in a mature or old-age stage of develop- 
ment, there is almost universally present a very considerable 
accumulation of disintegrated material which is available as a 
source of material for the formation of arkose. The following 
section, from the vicinity of Autun, France, in its essential features 
is characteristic of such regions as the granite terranes of Morvan, 
the Plateau Central, and Forez, France; the Vosges Mountains, 
the Odenwald, and the Thuringerwald, Germany; Dartmoor, 
England; the Piedmont belt and the Pike's Peak region, United 
States. 

1 ft Mantle of vegetation; surface soil and subsoil of 

gritty brown clay with quartz and feldspar grains 
6 ft Granitic sand and gravel, stained with limonite; feld- 
spar showing considerable decomposition toward the 
surface, the amount decreasing with depth 

2-fw ft Granite more or less fresh on superficial examination, 

but crumbling under light blows of the hammer; 
depth difficult to estimate; fresh granite 

The relative and absolute proportions of these zones vary greatly. 
The maximum depth to which disintegration was observed by the 
writer to have extended was 40 feet, at Royat (Puy-de-D6me), 
France, and at Hohkonigsburg, Vosges Mountains. On Dartmoor 
and in the Piedmont belt decomposition is more in evidence than 
in France and, in the Piedmont belt especially, the zone of soil and 
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subsoil is much larger in proportion to the zone of disintegrated 
material. The rate of disintegration under the conditions of a moist 
temperate climate seems to be rather slow — in New England there 
has been since the Glacial Period disintegration sufficient barely 
to efface the glacial striae and polish on granitic and gneissic 
ledges — and the very considerable amounts of disintegrated material 
generally found in those regions are the result of slow accumula- 
tion under the protection of the mantle of vegetation. General 
erosion of this disintegrated material and its subsequent deposition 
as arkose can take place only when the mantle of vegetation is. 
critically weakened or destroyed. When this has once happened 
and the mantle of disintegrated material has been swept away, a 
long time must elapse before considerable amounts of the disin- 
tegrated material can again accumulate. The arkose deposits 
formed from the accumulated debris of disintegration in a moist 
temperate climate will therefore be of small or moderate size. As 
the mantle of soil and completely decomposed rock is eroded at 
the same time as the mantle of disintegrated rriaterial, the arkose 
is commonly associated with mudstones and shales, and, as 
the disintegration is accompanied by considerable decomposition, 
the arkose itself is likely to contain much argillaceous material 
and to have feldspars showing noticeable decomposition. Since 
stream transportation of debris results in the rather rapid elimina- 
tion of the feldspars, the arkose is likely to grade into quartzite. 

The causes which might critically weaken or overcome the 
mantle of vegetation and result in the erosion of the accumulated 
products of disintegration are: introduction of arid or semi-arid 
conditions, introduction of subglacial or glacial conditions, a marked 
increase of rainfall, a marine transgression, deforestation by forest 
fire, and marked upwarping. A marked change of climatic con- 
ditions toward aridity in a region previously of moist temperate 
climate would necessarily result in a marked diminution of the 
vegetation and in the exposure of the underlying disintegrated 
material to erosion during the occasional storms. Glacial condi- 
tions might result either in the erosion of the disintegrated material 
by the ice itself or in the exposure of the disintegrated material 
to erosion through the destruction of the vegetation of the temperate 
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conditions without the introduction of an arccic flora sufficiently 
luxuriant to form anew the protective mantle of vegetation. A 
marked increase of the rainfall, it was suggested by Shaler, might 
be such that the streams would be competent to waste generally 
the land surface. A marine transgression would necessarily result 
in the working over of the materials of the regolith, irrespective of 
the luxuriance of the mantle of vegetation, and might easily result 
in the deposition of arkose. Forest fires are not uncommonly due 
to lightning and often are effective agents of deforestation. It 
would seem possible that a period of heavy rains following a 
severe forest fire might result in the general erosion of the mantle 
of disintegration. Upwarping of considerable amount would result 
in an increase of the stream gradients, in an increase or decrease 
of the rainfall, and in the lowering of the mean temperature. The 
total effect might possibly be conditions favorable to the general 
erosion of the mantle of disintegration. A very special cause is 
to be found in volcanic activity of the explosive type, which not 
uncommonly results in deforestation and desolation in limited local 
area. Of this type of deposit, in which the arkose should be asso- 
ciated with tuffs, there is at least one example, the Rotliegendes 
arkose north of Heidelberg, Germany. 

In regions of youthful topography and considerable relief in a 
moist temperate climate, there would seem to be no reason why 
disintegration should not take place. That it is not seriously in 
evidence is probably due to the fact that it is masked by block dis- 
integration and by rapid erosion. If it does take place, the debris 
that can be eroded at one time is of small amount and is lost through 
decomposition of the feldspars or through intermixture with the 
heterogeneous stream-borne sediment. 

In tropical regions, decomposition commonly prevails over 
disintegration, but in two localities disintegration is reported as 
occurring with but slight accompanying decomposition. The debris 
in these cases, if eroded under normal conditions, would probably 
be lost through decomposition, but if eroded under the conditions of 
a marine transgression, or under the conditions of aridity, there 
would seem to be a strong possibility that a deposit of arkose might 
be formed. Except by means of a contained fauna or flora, such 
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deposits would probably be indistinguishable from the correspond- 
ing types of deposits of the temperate zone. No deposits have been 
recognized to be of this type. 

i. Terrestrial. — (a) Deposits laid down under semi -arid condi- 
tions: Arkose reddish, composed of subangular iron-stained grains 
of quartz and partially decomposed feldspar deeply in an iron- 
stained matrix of fine-grained quartz and of argillaceous material. 

When the moist temperate conditions give way to those of 
aridity, the mantle of vegetation, weakened by the change, is 
no longer able to protect the accumulated products of decomposi- 
tion and disintegration, and during the occasional violent storms 
they are quickly eroded, to be deposited with rapidity usually in 
the near-by valleys and catchment basins. Owing to deposition 
from torrential streams, the materials of the mantle of disintegrated 
material are laid down in coarsely stratified banks and lenses of 
arkose, showing much foreset and cut-and-fill cross-bedding. The 
soil and mantle of completely decomposed rock are deposited, 
partially sorted, as cross-bedded, argillaceous sandstones and as 
more finely and evenly stratified gritty mudstones. As the 
temporary lakes dry up, these mud beds become sun-baked and 
glazed and cracked and may receive raindrop prints. Under the 
conditions of alternate wetness and dryness, there should be almost 
complete decomposition of organic matter and oxidation of the 
iron. 

Deposits of this type are not rare, and a good example may be 
found in the Sugarloaf arkose of the Connecticut River Triassic. 
The formation occurs in what was possibly a Triassic basin, and 
consists essentially of an unordered alternation and repetition of 
gritty, argillaceous sandstones, conglomerates, arkose, and sandy 
and calcareous mudstones. There is a coarse, general stratification 
whose dip initially was apparently low. In the beds of mudstone, 
even, fine stratification is the rule, but cut-and-fill bedding is found 
in a few places. The coarser strata are strongly cross-bedded, 
mostly with the foreset type of bedding. Cut-and-fill bedding, 
however, is common. The mudstones show mud-cracks, raindrop 
prints, glazed surfaces, and reptile footprints. The arkose is 
found in banks and lenses, chiefly at or near the base, but also at 
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numerous higher horizons. It is composed of subangular grains 
of quartz and subangular grains and pebbles of feldspar in a fine- 
grained matrix of argillaceous material. The color of the whole 
formation is deep red, due to a heavy stain of ferric iron. Fossils are 
rare in the formation. 

The following deposits are apparently of this type: 
Arkose of the Amnicon formation, pre-Cambrian, Wisconsin 
Sugarloaf arkose (Triassic), Connecticut River area, Massachusetts and 
Connecticut 

Stockton arkose (Triassic) , New York, New Jersey, Pennsylvania 
Arkose of the Upper Carboniferous, Ottweiler, Rhine Province, Germany 
Arkose of the Lower Rotliegendes, Rhine Province, Germany 
Arkose of the Rotliegendes, Mainz Basin, Vosges Mountains and Black 

Forest, Germany 
Arkose of the Old Red Sandstone, England 
Arkose of the Cutler formation, Permian, Colorado(P) 1 
Arkose of the Fountain and Lower Wyoming formations (Permian), 
Colorado(P) 1 

(b) Deposits laid down under moist, chiefly temperate, condi- 
tions of climate: Arkose grayish, composed of subangular grains 
of quartz and of considerably decomposed feldspar in a matrix 
of fine-grained quartz and argillaceous material, in most cases 
carbonaceous, and in some cases carrying plant fossils; the arkose 
commonly associated with coal deposits. 

The causes of a general erosion of the regolith in a region of 
moist temperate climate are not completely evident. The sug- 
gestion of the introduction of subglacial conditions as a possible 
cause seems not well founded, since the several glacial epochs of the 
Pleistocene do not seem to have caused a general erosion of the 
regolith of the Piedmont belt to the south of the glaciated area. 
It would seem reasonable to expect, furthermore, that the effect 
of the change on the mantle of vegetation would be a replacement 
of the temperate by arctic flora. The suggestion that a marked 
increase in the amount of the rainfall might be a sufficient cause 
would likewise seem not well founded, as an increase in the rainfall 
characteristically results in more luxuriant vegetation, with a con- 
sequent increase in the protective power of the mantle of vegetation. 

1 Commonly considered marine, but apparently very like the Newark beds of the 
Connecticut River and the New York-New Jersey Triassi areas. 
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Forest fires are another possible cause. They are very commonly 
due to natural causes and often are effective agents of deforestation. 
It would seem possible that a period of heavy rains following a 
severe forest fire might easily result in the general erosion of the 
regolith. Upwarping of considerable amount, with the consequent 
increase of stream gradients and lowering of the mean temperature, 
if associated with decrease in the amount of the rainfall, might 
possibly result in the general erosion of the regolith. 

While these causes are thus in doubt, the fact of the formation* 
of deposits under these general conditions seems to be indubitable. 
There is a characteristic type of arkose deposit which is usually 
associated with carboniferous beds or coal, which is itself carbona- 
ceous or may even carry carbonized plant remains, and which there- 
fore must have formed under moist climatic conditions. As the 
feldspar shows much decomposition, as there is an argillaceous 
matrix, and as the quartz and feldspar grains are distinctly angular 
to subangular, the constituent materials of the arkose would seem 
to have been derived from the debris of disintegration under moist 
temperate conditions. The arkose, commonly in part, is coarse 
and granitic in appearance and seems not to have been transported 
far from the point of origin of its constituent material, and in part 
usually is finer and less feldspathic, and seems to have been trans- 
ported for a greater distance. Besides being associated with coal 
beds, the arkose is associated with conglomerates, impure sand- 
stones, and silty mudstones. Cross-bedding is common, and many 
of the beds seem to be the result of rather rapid deposition. The 
color of this type of arkose is gray. 

As an example of this type of deposit, there may be taken the 
arkose of the Richmond (Triassic) Coal Basin in Virginia. The 
lower portion of the section in the basin is as follows : l 

Productive Coal Measures 500 ft. Interstratified beds of bituminous 

coal, black shale, feldspathic and 
micaceous sandstones 

Lower Barren Beds .0-300 ft. Sandstones and shales under the 

coal beds, often with arkose 

Boscabel Bowlder Beds 0-50 ft. Local deposits of bowlders of gneiss 

and granite 

1 N. S. Shaler and J. B. Woodworth, U.S.G.S. Nineteenth Ann. Rept., Part II 
(i897-gS),pp. 423-26. 
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The arkosic beds are best developed about the granitic masses of 
the eastern margin, but reappear from horizon to horizon with 
increasing marks of waterwear. The arkose of the basal horizons 
is granitic in appearance, and by the inexpert eye might not be 
distinguished from the granite. The arkose is gray in color and 
is composed of subangular grains of quartz and much decomposed 
feldspar in an argillaceous matrix of small amount. The arkose of 
the higher horizons is not so granitic in appearance, there is a 
somewhat lower content of feldspar, and the quartz and feldspar 
grains are slightly more rounded. Some of the associated shale 
beds are carbonaceous, and locally there are small intercalations 
in the arkose of carbonaceous silty material. 

To this type of deposit there should probably be referred: 

The Carboniferous arkose of the Narragansett Basin, Rhode Island and 

Massachusetts 
The arkose of the Rockwell formation (Mississippian), Meadow Branch 

Mountains, West Virginia 
The arkose of the Vosges Mountains, the Black Forest, and adjacent 

parts of Bavaria 
The arkose of the Coal Measures of the Yorkshire Coal Field, England 
The arkose of the Coal Measures of the Flint, Rhutin, and Mold districts, 

England 
The arkose of the Richmond (Triassic) Coal Basin, Virginia 
The arkose of the Corwin formation (Jurassic), Alaska 
Comanchean arkose at the base of the Coastal Plain series, Maryland, 

Virginia, North Carolina 
The arkose of the Swauk formation (Tertiary), Washington 
The arkose of the Puget formation (Tertiary), Washington. 
The arkose (Early Tertiary) of the Matanuska and Controller Bay regions, 

Alaska 

c) Deposits formed under glacial conditions: If an ice sheet 
advances over a granitic terrane in which there is a mantle of dis- 
integration, it would seem possible for small amounts of this debris 
locally to be preserved as arkose among the various glacial deposits. 
In New England, there is in several localities deep preglacial dis- 
integration, showing that the mantle of disintegration of the 
Piedmont district probably extended in former times northward 
over this area. Arkose is apparently lacking however, in the New 
England glacial deposits. No example of this type of deposit is 
known to the writer. 
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2. Marine and lacustrine. — (a) The basal member of a new, 
transgressive marine series is commonly composed of the materials 
of the former regolith. If the shore forces are not too violent in 
their working over of the debris, the basal deposit in regions of 
granitic rocks may be arkosic. The constituent grains show more 
or less rounding. There may be present a small amount of argil- 
laceous matrix. Through the elimination of the feldspar the arkose 
may grade into quartzite. Arkose deposits of this type may grade 
into deposits of the type discussed in (b) . 

Tp this type of deposit (a) there should be apparently referred: 

Arkose of the Hotauto formation (pre-Cambrian) , Shinumo Quad., Arizona. 

The Cambrian arkose of Eastern United States (in large part) 

The arkose (Silurian) of Littleton, New Hampshire (in part) 

The arkose of the Igaliko formation (Devonian), Greenland 

The arkose (Triassic) of the Morvan (in part), France 

The arkose (Tertiary) of the Limagne (in part), France 

(b) When erosion of the mantle of disintegration in a granitic 
terrane adjacent to the sea or to a lake occurs, deposition of the 
disintegrated material is likely to take place in the sea or lake with, 
as a consequence, the formation of arkose. Near the shore the 
arkose is in banks and lenses and is interstratified with beds com- 
posed of the material from the soil and zone of decomposition and 
of argillaceous material eliminated from the debris of disintegration. 
The constituent grains of the arkose are subangular to poorly 
rounded, the degree of rounding being greater in the more quartzose 
beds. There may in some cases be a slight amount of argillaceous 
matrix. Unless the feldspar is itself reddish, the arkose is 
grayish in color. Although not necessarily basal, the arkose is 
more likely to be near the base of the formation than not, since 
the change of conditions which causes the erosion of the mantle 
of disintegration is likely to mark the inauguration of a new period 
of sedimentation. The arkose formed far from shore is less granitic 
in appearance than that formed immediately at the shore, there is 
considerable rounding and sizing of the constituent grains, and there 
is elimination of much feldspar and argillaceous material. The 
arkose in many cases grades into quartzite. 

An example of this type of deposit is the Tertiary arkose of the 
Limagne, France. During the Oligocene times the Limagne was 
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first a brackish-water basin some thirty km. in width and later a 
fresh-water lake lying then as now in the granite plateau of the 
Plateau Central. The arkose is found chiefly near the base and is 
found in banks alternating with greenish marl and in some cases 
extending out a considerable distance from the edge of the basin. 
Some of the arkose, especially that at Royat, is massive, coarse, 
composed largely of good sized fragments of the coarse phenocrysts 
of the underlying granite, and is extremely granitic in appearance. 
The greater part of the arkose, however, is much finer, is more 
quartzose, is composed of more-rounded grains, and grades into 
quartzite. There is in some cases an argillaceous matrix, in some 
cases a sericitic matrix, and, in some of the more quartzose phases, 
there is very little matrix. There is a general even horizontal 
stratification. Where cross-bedding is present in individual strata 
it is usually of the simple foreset type. 

To this type of deposit are probably to be referred: 

Much of the pre- Cambrian arkose of Ontario 

Arkose of the Congo Series, French Hoeck, Cape Colony 

The Cambrian arkose, North Carolina-Tennessee 

Fitch Hill arkose, Silurian, Littleton, New Hampshire 

Haybes arkose and Weismes arkose (Devonian) Ardennes-Eifel District 

Arkose of the Gres bigarres and Gres vosgien (Triassic) of the Morvan 

region, France 
Dolomitic arkose (Keuper), Franconia and Thuringia 
Arkose of the Blasensandstein and Coburgerbausandstein (Keuper), 

eastern Palatinate 
Lower Stampian-Sannoisian arkose (Oligocene), Limagne, Forez, and 

Roannais basins, France 
Much of the Jura-Cretaceous arkose of southwestern Alaska 
Arkose of the Cutler formation (Permian), Colorado(?) 
Arkose of the Fountain and Lower Wyoming formations (Permian), 

Colorado ( ?) 

C. UNTRANSPORTED OR' SEDENTARY ARKOSE 

Basal, unstratified deposits grading into the underlying granite. 
When deposition begins in a district, the original regolith locally 
may be buried before it has been eroded to any considerable extent. 
It is thus possible for arkose to be formed without the usual inter- 
mediate steps of erosion, transportation and deposition of the 
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disintegrated material. The arkose is composed of the constituent 
minerals of the granite or gneiss in essentially their original propor- 
tions. Some of the silicates, especially the biotite, hornblende, and 
plagioclase, are in many cases highly decomposed. The constituent 
grains are angular. The upper part of the arkose may show a 
rude stratification and may grade upward into a well-stratified 
deposit. The lower portion is massive and grades downward into 
the granite, and may show the unaltered cores of bowlders of exfolia- 
tion. 

A good example of this type of arkose is to be found in the lower 
arkose in the Silurian at Littleton, New Hampshire. Between the 
Niagaran Limestone and the granite there is from two to eighty 
feet of arkose which is coarse and granitic in appearance. The 
quartz and feldspar are the same as those of the underlying granite 
and are present in practically their original proportions. There is a 
slight amount of a fine-grained dark matrix. In its upper portion, 
the formation shows faint traces of stratification and in its lower 
portion it grades into the underlying granite-gneiss. Locally the 
original spheroidal weathering and the unaltered cores and shells 
of concentric weathering are distinguishable. 

To this type of deposit are to be referred: 

The arkose (in part) of the Vermont formation (Cambrian), Massachusetts 

and Vermont 
The basal arkose (Silurian) at Littleton, New Hampshire 
Pre-Cambrian arkose (in part) of the Cobalt District, Ontario 
Basal arkose, Narragansett Basin, Massachusetts and Rhode Island 
Nubian arkose, Aswan, Egypt 

D. SUMMARY 

The geological significance of arkose in brief, then, varies from 
case to case and cannot be limited in the general statement to 
significance of a special set of conditions. Each deposit is sig- 
nificant of some special set of conditions and these in many cases 
can be determined from the individual deposit or its associations. 
In the preceding discussions an attempt has been made to show a 
grouping of these in conformity with a genetic classification of 
arkose, each type of which is significant of some special type of 
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conditions. But even if the premises of this classification should 
be seriously disputed, it still remains a fact that most formations 
lying unconformably on a former granitic terrane have arkose at 
or near the base, and there seems to be a more or less general rule 
that, whenever a period of deposition is inaugurated over a granitic 
terrane, arkose is the first or one of the first deposits to be laid down, 
whatever the prevailing conditions. This basal arkose commonly 
shows but slight effects of wear and is apparently near the point 
of origin of its constituent material. At higher horizons, there 
often is yet other arkose, in most cases showing more signs of wear 
and apparently having been transported for a greater distance; 
and in still other cases, as has been noted, arkose composes the whole 
of a formation, thousands of feet in thickness. The deposits are 
of such differing types and have such different associations with 
coal measures, with mud-cracked red beds, with beds containing 
faceted pebbles, and with beds carrying marine fossils, that the old 
conception of the limited significance of arkose is manifestly 
incorrect, and arkose must be significant of several types of 
conditions. 



